Introduction
Disability pensions incur huge societal costs in many countries. 1 In Sweden, the three greatest drivers of such productivity losses are musculoskeletal, circulatory and psychiatric disorders, 2,3 all closely associated with weight status. 4 With the rapid increases of overweight and obesity during the past decades, [5] [6] [7] [8] there is reason for concern with regard to potential effects on productivity. 9 The influence of obesity status on productivity costs has received considerable attention. 1, 10 However, many studies have been afflicted by limitations such as mixing of underweight and normal weight subjects, 2, 11, 12 lack of analysis of underlying causes, [13] [14] [15] problems with reverse causality and/ or left censoring. 11, 12, 15 Partly or totally mixing the underweight and normal weight categories may obscure the actual BMI (body mass index)-disability relationship, as the risk in underweight subjects appears to be distinct from the risk associated with normal weight. 13 Other studies have mixed the normal weight with the overweight category, 12 which also may lead to distortions. Furthermore, the shape of the relationship between BMI and specific causes of disability pension may differ markedly from the overall association. 2, 11 Previous studies have either not investigated this at all, 13, 15 or used nonstandard obesity classification in combination with a small number of cases. 2, 11 When analyzing the associations in middle-aged populations, the risk of reverse causality also increases, that is, a low/high BMI is caused by an underlying disease rather than the opposite. In addition, many of the most vulnerable individuals have already exited from the population at risk by receiving disability pension prior to middle age, or died.
Finally, the limitation of BMI not being able to distinguish between muscle and fat mass 16, 17 has not been addressed in previous studies. Access to data on body composition or muscular strength would allow investigation of its potential impact. We aimed to investigate the relationship between BMI in early adulthood and disability pension from any as well as specific causes. By using BMI in early adulthood, the risks of reverse causation and left-censoring were reduced, and by using a large population-based material with data on more than 80% of the total male population in Sweden over a third of a century, sufficient power was achieved to investigate the risks by both the standard WHO (World Health Organization) BMI categories and finer strata. Access to data on measured muscular strength enabled us to at least partly address the limitation of BMI as a proxy measure of adiposity.
Methods
Record linkage of several nationwide databases was performed based on the unique personal identification number assigned to each Swedish citizen. Data from the Military Service Conscription Registry (MSCR) from 1969 to 1994 were linked to the Cause of Death Registry of the National Board of Health and Welfare to ascertain whether subjects were alive at conscription testing age. Parents were identified from the Multi-Generation Registry (MGR) and information on parental socioeconomic position (SEP; in 1970 and 1990), country of birth, emigration and place of residence was gathered from Population and Housing Censuses (PHCs), and the Registry of the Total Population. Participation in the PHCs is required by law for persons living and registered in Sweden, and therefore little missing data were present. Data on disability pension were retrieved from the Social Insurance Office.
Ethical approval for the study was granted by the regional ethics committee, Stockholm, Sweden.
Study population
The study cohort consisted of all male population who underwent military conscription induction tests from 1969 to 1994. The representativeness of the data source was regarded to be excellent. 18 During the period covered by this study, military conscription was mandatory for all Swedish male population, and participation was enforced by law, although individuals with severe handicaps or chronic diseases, and non-Swedish citizens may be exempted from testing. Hence practically the total male population went through the 2-day test protocol. After accounting for deaths and emigration before 20 years of age, and non-Swedish citizenship, the overall participation of the birth cohorts from 1951 to 1976 was 88%.
Measurements, handling of outliers and heterogeneity in age of testing Height was measured by use of wall-mounted stadiometers, and weight was measured by use of analog or digital scales. Out of these, 320 subjects were granted disability pension prior to conscription testing, leaving 1 191 027 subjects for analysis. This corresponded to 84% of the total eligible population between 17 and 20 years. The data stemmed from six conscription offices (testing centres) in Sweden and the analyses were additionally adjusted for these as means of eliminating potential confounding.
Data on municipality (urban, semiurban, rural), and SEP (white collar, blue collar, self-employed and other) were retrieved from PHCs, as has been described in greater detail elsewhere. 19 Data on muscular strength (hand grip, arm flexion, leg extension; Newton) were also adjusted for in order to at least partly account for the inherent limitation of BMI of not being able to distinguish muscle from fat mass.
Assessment of disability pension
Information on date and cause (ICD 8/9/10) of granted disability pensions was retrieved from the Social Insurance Office (Forsakringskassan; 1971 ). According to current regulations, cause of disability pension must be determined by a physician and therefore practically no missing data were present. The causes were coded into circulatory, musculoskeletal, psychiatric, nervous system, tumors, injuries and other, based on corresponding ICD codes.
Statistical analysis
Statistical analyses were conducted using SAS (version 9; SAS Institute Inc., Cary, NC, USA). A Cox proportional hazards model was used to adjust for potential confounders. 20 In the primary analyses, the WHO criteria for obesity status were used, separating class I (BMI 30-34.9; moderate obesity) from class II and III obesity (BMIX35; morbid obesity). For disability pension from specific causes, no distinction between moderate and morbid obesity subjects ) was also performed, in order not to make any a priori assumptions about the BMI-disability pension relationship. These BMI strata were defined with cut-points coinciding with the WHO criteria. 4 Adjustments were made for test year , test age (17-20 years), conscription office, contemporaneous municipality at conscription, parental SEP and muscular strength.
Sensitivity analyses were performed to investigate the impact of preexisting illness by excluding disability pension cases occurring during the first 10 years of follow-up. Although this only eliminates reverse causation due to illnesses progressing to disability pension within a decade, it is likely to reduce the problem, if present. Analyses were also performed without adjustment for muscular strength to investigate its impact.
Results
The BMI distribution over the whole period showed a high prevalence of underweight and a low prevalence of obesity compared to the prevalence today (Table 1) . However, these average numbers obscured the time trends; the prevalence of overweight and obesity increased approximately twofold (6.3 to 14.4%) and more than threefold (0.8 to 2.7%), respectively, from 1969-1970 to 1994, while underweight was reduced by more than half (14.2 to 5.9%).
During 28.4 million person-years of follow-up, 60 024 subjects were granted disability pension. The average age of disability pension was 38.9 years (s.d. 8.8) , and the median number of productive years of life lost increased from 24.7 years among underweight to 28.5 years among morbidly obese subjects, with obese and morbidly obese disability pensioners losing approximately 2 and 4 more productive years, respectively, than their normal weight counterparts ( Table 1) .
The association between BMI status and risk of disability pension (adjusted only for year of conscription) was J-shaped, with a sharp increase when moving from BMI 30-34.9 to X35 (Table 1) . A small, but statistically significant risk decrease was seen for subjects living in semiurban vs urban areas, whereas no difference compared to those growing up in rural areas could be detected (Table 1) . Strong gradients across socioeconomic groups were seen, with children to white collar workers having the lowest risk, followed by self-employed, blue collar workers and other workers/nonworkers (Table 1) . With regard to age at testing, a significantly greater risk was seen for older testers compared to younger, despite the narrow age range (17-20 years). Muscular strength was also significantly associated with the risk of disability (data not shown in table); a 100 N increase in leg, arm and hand strength was associated with hazard ratios (HRs) of 0.89 (95% confidence interval 0.88-0.89), 0.97 (0.96-0.98) and 0.91 (0.90-0.92), respectively.
All-cause disability pension
In models adjusted for muscular strength, SEP, municipality, age at testing, testing center and year of testing, the significantly increased risks for BMI strata from the unadjusted analyses remained, although they were attenuated for underweight subjects (Table 2) .
Analyses not adjusted for muscular strength resulted in overestimation of the risk in underweight subjects, but underestimation in overweight, moderately and morbidly obese subjects ( Table 2 ). Some of the excess risk in underweight subjects was explained by greater psychiatric morbidity, and when excluding disability pensions due to psychiatric causes, the HR decreased to a rather small magnitude but remained statistically significant (Table 2) . For the overweight, moderately and morbidly obese subjects, the HRs increased substantially. Contrary to the impact of psychiatric morbidity on the estimates, the attempt to reduce potential impact of reverse causation by exclusion of disability pension cases during the first 10 years after conscription had only a marginal effect ( Table 2) .
The substratification of BMI into 10 intervals illustrated gradually increasing risks within the underweight, overweight and obese strata (Figure 1 ). Significantly increased risks of small magnitude were also seen within the normal weight stratum, both directly above and below the reference category (BMI 21-23.4). The impact of not adjusting for muscular strength, as well as exclusion of cases due to psychiatric causes, is also shown in Figure 1 .
Causes of disability pension
Forty-six percent of all cases of disability pension were from psychiatric causes, 24% from musculoskeletal causes, 9% from injuries and 4% from circulatory causes. In adjusted analyses, the HRs for overweight and obesity were significantly elevated for each separate cause analyzed, although the magnitude differed (Table 3) . For the underweight, only injuries, psychiatric causes and other causes were associated with significantly elevated HRs, whereas significant differences compared to normal weight subjects were not seen for circulatory, musculoskeletal causes, tumors, or nervous system disorders. Compared to overweight, underweight was associated with substantially lower HRs for all but two specific causes: for injuries and psychiatric causes, the point estimates were similar.
Discussion
We found significantly increased risks of future disability pension in underweight, overweight and obese subjects. The BMI status and disability pension M Neovius et al obese subjects had not only the highest relative risks, but were also granted disability pension 2-4 years earlier than the normal weight, implying more productive years lost per pensioner. The overall association was J-shaped, but varied by underlying cause. Specifically, the risk of disability pension from psychiatric causes and injuries was similar in underweight and overweight subjects, whereas for circulatory and musculoskeletal causes increases were seen with increasing BMI. Although the direction and precision of the estimates were unaffected by adjustment for muscular strength, the magnitudes for all groups changed markedly. This is likely to be attributed to the limitation of BMI not being able to distinguish muscle from fat mass. Although causality cannot be inferred, the major shift toward a more overweight and obese population is likely to lead to larger productivity losses in the years to come.
These findings are an extension of our previous findings in Swedish men. 13 The present analysis extended the previous Analyses adjusted for muscular strength (handgrip, arm flexion, leg extension), SEP, municipality, age at testing, testing center and year of testing.
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by quadrupling the sample size, using the full instead of a truncated observation period (1971-2007 vs 1990-2001) , analyzing underlying causes of disability pension, and adjusting for muscular strength. Hereby better precision was achieved, and we were not forced to exclude subjects receiving disability pension during the first two decades after BMI measurement. We were also able to explore the underlying diagnoses in underweight, overweight and obese subjects. After adjustment, our previous analysis revealed only a trend of increased risk in the overweight, but it was not significant in fully adjusted analyses, possibly due to lack of power. In the current extended analyses, we could confirm that the risk in the overweight is indeed significantly elevated, irrespective of cause investigated and whether cases occurring during the first ten years of follow-up were excluded. The adjustment for muscular strength also revealed that failure to take this variable into account is likely to lead to overestimation of the risk in underweight and underestimation of the risk in overweight and obese subjects.
Other studies on BMI and disability pension have sometimes used the WHO recommended BMI categories, 13, 15 but several have mixed the normal weight with the underweight, 2, 11, 21 or the normal weight and the overweight, 12 complicating comparisons and potentially obscuring the nonlinear relationships. Others have just compared obese vs nonobese subjects, 22 lumping the underweight, normal weight and overweight together. As the BMI-disability pension association exhibits quite different magnitudes of risk in the different BMI strata defined by the WHO, distortions are easily introduced. However, previous studies have shown significantly increased risks in the overweight and obese subjects in both sexes of various ages, 15 and in middle-aged men. 2 We investigated the BMI-disability pension relationship both according to the WHO-recommended BMI categories, and according to even finer strata coinciding with the aforementioned cut-offs. In the more detailed analysis, we found significant risk increases already within the normal weight category and continuing increases both within the overweight and the underweight categories. Most previous studies have used BMI measurements at an older age for their investigations. 2, 11, 15, 22 Such an approach is associated with at least two limitations; first, persons who receive a disability pension or die before that age are excluded. Second, the risk of reverse causation increases, as the prevalence of pre-existing illness affecting BMI, for example, cancer, is higher. We used BMI in late adolescence/early adulthood, which reduces, but does not eliminate, the risk of reverse causation. In attempt to further reduce the potential impact of reverse causation, we excluded the first 10 years of follow-up, which did not change our conclusions and affected the HRs only marginally. The use of BMI from a younger age is, however, associated with other limitations. For example, BMI is known to increase with age, so many of the normal weight may become overweight in middle age. The underlying causes driving the BMI-disability pension association have been analyzed in at least two previous studies, where one 11 used BMIo22.5 as reference category and the other 2 used modified WHO categories (underweight ¼ BMIo20). Both found monotonically increasing categories. Error bars represent 95% confidence intervals for the adjusted hazard ratios (adjusted for muscular strength, age, socioeconomic position, municipality and test year). BMI status and disability pension M Neovius et al risks of disability pension from circulatory causes with BMI. The former also found monotonically decreasing risk for respiratory causes. The latter saw major risk increases in the underweight for psychiatric causes and alcohol abuse, that is, findings largely congruent with ours, despite them using BMI from middle age and slightly different reference categories.
From the data at hand we cannot infer a causal relationship between BMI and disability pension. It is biologically highly plausible, as BMI increases affect not only musculoskeletal disorders via increased stress on weight bearing joints, but also circulatory disorders via hyperinsulinemia and lipid disturbances. The endocrinological disturbances associated with obesity also appear to be involved in carcinogenesis, 23 explaining the increased risk of disability pension from tumors observed in this study. In addition to the biological plausibility, data from studies of large and permanent weight loss induced by surgical methods have shown that weight reduction results in lower incidence of disability pension 24 as well as increases in gainful employment. [25] [26] [27] These findings indicate that BMI is indeed a causal factor at least in the upper end of the BMI spectrum. The findings by Ferraro et al. 28 also support this, although they investigated self-reported disability and not disability pension. On the basis of repeated BMI measurements, they found subjects becoming obese over 10-20 years to experience increased disability. However, contrary to the consistent findings from studies on surgical therapy of obesity, they failed to show any significant decrease in self-reported disability in obese subjects who lost weight, concluding that the disabling effects of obesity are not short lived. Cawley 29 used an instrumental variable approach, using women's biological children's weight as an instrument for the weight of their mothers, to shed light on the direction of causation between weight and employment disability. He found no evidence of body weight causing employment disability, and raised the question whether other adverse health outcomes really are caused by high body weight. Strong evidence from intervention studies, for example, Swedish Obese Subjects, suggests that weight loss not only reduces the occurrence of disability pension, 24 but also mortality, 30 diabetes and hyperlipidemia. 31 This supports the theory that excess weight is hazardous and causes adverse health and economic effects.
For underweight, reverse causation may be more of an issue in this study than among overweight and obese subjects, with (unmedicated) psychiatric illness potentially resulting in lower BMI. As it may take long time for the illness to result in disability pension, exclusion of even the first decade of follow-up, as in our sensitivity analyses, may not eliminate such bias. The relationship between BMI and disability pension from psychiatric causes has been described in greater detail elsewhere. 32 The prevalence of overweight, obesity and especially morbid obesity in the analyzed age group has increased dramatically during the past 3 decades, whereas underweight has become rare. 5, 19 The combination of the high overall rate of disability pension in Sweden, and the increased risk in overweight and obese relative to normal weight subjects, constitutes an important signal of a possible decline in the productive potential in the years to come. It is likely that this will put further pressure on the Swedish welfare state, where disability pension payments already today amount to approximately 2% of gross domestic product.
The strengths of this study were its excellent representativeness for young adult male population, covering more than 80% of the total population in Sweden, as well as its long duration and access to data on measured muscular strength. The outcome leads to large and often permanent payments, and must therefore be validated by several instances. Therefore it is likely that almost all granted disability pensions were captured. An additional strength was that we used baseline data from young adulthood, which means that the selection bias that always is introduced when analyzing older cohorts was almost completely avoided, that is, that the highest risk individuals have already died or turned into disability pensioners. The use of a young cohort also reduces the risk of reverse causation, as already discussed. A final strength was that we used measured instead of self-reported BMI, which tends to be afflicted by increasing underreporting with increasing BMI. 33, 34 The study also had several limitations. First, no women were included, as military conscription testing only has been mandatory for men. Although there are around 1000 women testing each year since the mid-1990s, these are by no means representative for the whole female population. However, previous studies have shown women and men to have similarly shaped associations between BMI and disability pension. 11, 15 Second, although BMI in late adolescence is correlated with BMI later in life, [35] [36] [37] it is not constant with age.
Inclusion of BMI changes over time could have refined the analyses, but unfortunately no such data were available. Third, although this young age group is less afflicted by pre-existing illness, and analytic approaches were used to reduce the impact of potential reverse causation, we cannot infer with certainty that a low/high BMI confers excess risk, only that there is an association. Intervention studies of morbidly obese subjects support that a high BMI causes lower productive potential. [24] [25] [26] [27] Fourth, other less severe measures of disability, as have been used in other studies, would have been interesting to complement the analyses with. 38 Finally, BMI is an imperfect measure of adiposity.
Additional information from simple screening measures of abdominal obesity, for example, waist circumference, would have been useful, as this has been shown to provide additional information with regard to obesity status and mortality risks. 39 Unfortunately no such data have been routinely collected for the conscription population. However, by adjusting for muscular strength, the effect of BMI status and disability pension M Neovius et al limitations associated with BMI as a proxy measure for fatness was at least reduced. In summary, we found underweight, overweight and obesity to be associated with significantly increased risk of disability pension. The shape of the association differed with the underlying cause, but significant elevations for both overweight and obesity were documented for each separate cause investigated. Although we cannot infer causality from this study, evidence from intervention studies together with biological plausibility indicate that obesity indeed causes adverse health outcomes and increased risk of disability pension. With the median number of productive years lost at 25 years for each disability pensioner, and an ever more obese population, productivity losses associated with adverse BMI levels are likely to be large and to grow in the future.
